Pleomorphic xanthoastrocytoma (PXA) is usually a low grade astrocytic tumor. However, some cases show significant mitotic activity (5 or more mitosis per 10 High Power Field) and/or necrosis. These tumors are described as pleomorphic xanthoastrocytomas with anaplastic features and display increased risk of recurrence. We aimed to evaluate histopathological, immunohistochemical and molecular features of PXAs with anaplastic features, by reporting three primary cases displaying recurrence. Histopathologically we observed rhabdoid-like monomorphic atypical tumoral cells with increased mitotic activity, vascular endothelial proliferation and necrosis. Immunohistochemically, astrocytic and neuronal components displayed different specific staining properties. In 2 cases p53 was immunopositive. We detected BRAF V600E mutation in 2 cases and p16 mutation in one case, by fluorescence in situ hybridization (FISH) method. Anaplastic pleomorphic xanthoastrocytoma (APXA) is a rare tumor. We have presented 3 primary APXA cases displaying all characteristic histopathological features. Two of these cases were immunopositive for p53. Therefore, we think that this marker may not be so useful in differentiating APXA from glioblastoma (GBM). Two of our three cases display BRAF V600E mutation, which is compatible with the literature.
Introduction
PXAs are astrocytic tumors occurring in children and young adults having a favorable prognosis. They arise at cerebral hemisheres, localized superficially, and at meninges. They are WHO grade II tumors containing a reticulin framework, consisting of pleomorphic and lipidized cells immunoreactive for glial fibrillary acidic protein (GFAP), and eosinophilic granular bodies (EGB) [1] [2] . Some PXA cases display anaplastic features such as high mitotic activity, necrosis. Giannini et al. described APXAs as PXAs containing five or more mitosis per 10 high power fields (HPF) and/or necrosis [3] . This group behaves like grade III gliomas biologically and shows frequent recurrences. Survival is shorter for these tumors. However, currently grading of these tumors according to WHO is not yet defined. Some of these tumors derive from PXA secondarily whereas some occur de novo. This latter group is described as primary APXA. Some of PXAs present as glioblastoma when recurs [2] [4]- [7] . BRAF V600E mutation is frequently seen in PXAs [8] [9] and APXAs [8] . In this report we will present clinical, morphological and molecular characteristics of three primary APXA cases.
Case Presentations

Case 1
A 32-year-old male patient presented with a generalized epileptic seizure. Neurological examination was normal. Cerebral computerized tomography (CT) and magnetic resonance imaging (MRI) revealed a small solid lesion localized at the frontal lobe, without clear dural attachment, inhomogeneously hyperdense/hyperintense, with irregular enhancement after contrast injection (Figure 1) . The patient underwent operation with a preoperative diagnosis of high grade glioma. Histopathologically a dense hypercellular glial tumor was observed. Histopathological and immunohistochemical features (Figure 2 and Figure 3 ) are summarized in Table 1 . A diagnosis of APXA was given. Six months later control MRI revealed a recurrent mass lesion. The morphologic features of the recurrent tumor were similar with that of the primary tumor except for that necrosis was present in the recurrent tumor. Histopathological and immunohistochemical features (Figure 4 ) are summarized in Table 2 . Recurrent tumor was also diagnosed as APXA. In both tumors BRAF V600E mutation was detected by FISH method. p16 mutation was not observed.
Case 2
A 32-year-old female patient presented with headache. MRI revealed well circumscribed small, solid, contrast Table 1 . A diagnosis of APXA was given. Control MRI 1 year later revealed isointense, dense, homogenously contrast enhancing 3 mass lesions located at extraaxial part of left frontal lobe, superior vertex (subarachnoidal dissemination) and left inferotemporal lobe. Re-operation was performed. Histopathologically prominent reticulogenesis was detected in addition to the features seen in the primary tumor. Histopathological and immunohistochemical features are summarized in Table 2 . Recurrent tumor was also given a diagnosis of APXA. BRAF V600E mutation was not detected.
Case 3
A 23-year-old female patient presented with epileptic seizure. MRI revealed intraparenchymal mass lesion in the right temporal lobe, measuring approximately 5 × 5 cm. Lesion showed indentation into cavernous sinus from the medial aspect and Meckel's cave. Lesion had irregular borders, lobulated contours and showed heterogenous contrast enhancement. Histopathologically cellular glial tumor was observed. Histopathological and immunohistochemical features are summarized in Table 1 . A diagnosis of APXA was given. Six months later control MRI revealed a recurrent lesion. Re-operation was performed. Histopathological and immunohistochemical features are summarized in Table 2 . Recurrent tumor was also diagnosed as APXA. BRAF V600E and p16 mutations were detected.
Molecular Analysis
Fluorescence in Situ Hybridization
Fluorescence in situ hybridization (FISH) was performed on four micron tissue sections according to the methods previously described [9] . 
Mutational Analysis
A DNA sample from the patients' brain tumour tissue was extracted using a commercial extraction kit (Qiagen, Valencia, CA, USA) for mutational analysis of p16 gene. Polymerase chain reaction (PCR)-single strand conformational polymorphism (PCR-SSCP) was performed according to the methods previously described [10] .
Discussion
PXA is firstly described by Kepes et al. in 1979 [10] . In pre-immunohistochemistry era it has been considered as a mesenchymal tumor showing morphologically malignant features, originating from meninges and generally occurring in children and young adults [2] . At the end of 70's Kepes and Rubinstein applied immunohistochemistry for these morphologically and clinically distinct tumors and observed that tumor cells expressed GFAP supporting their astrocytic origin [11] . To date, in several reports it has been supported that molecular and subcellular features of PXA's had indicated their astrocytic and neurocytic genotype and phenotype. Tumoral cells show immunopositivity for glial markers such as GFAP and S-100. Eight to seventy three percent positivity has also been reported for neuronal markers, such as class III beta tubulin, synaptophysin, NFP, SMI-31 and MAP-2 [2] [12] [13] . Ultrastructural investigations further showed astrocytic (intermediate filament, lipid droplets, lysosomes) and neuronal (microtubules, dense core granules) features of tumoral cells [14] . In 1989, WeldonLinne et al. described PXA with anaplastic features [15] . In 1999, Giannini et al. suggested the usage of the terminology of "PXA with anaplastic features" for the tumors that contains 5 mitosis per 10 HPF and/or necrosis [3] . Classical PXA shows superficial localization, leptomeningeal involvement and invasion through duramater. Resulting from superficial localization, most of the patients present with epileptic seizures. Radiologically, PXA is seen mostly as a solid mass having a cystic component. It may have an infiltrative cortical component, complicating differential diagnosis with diffuse astrocytoma [1] [2] . Multicentricity may occur. In contrast, it has been reported that anaplastic PXAs could show extracranial involvement in paranasal sinuses, nasal cavity, or-bita and skull bone [16] . Vu et al. reviewed the literature and observed that 91% of the cases had had supratentorial localization [17] .
Several investigators examined morphological features of primary and secondary APXA. Hirose et al. reported 6 APXA cases in their series. Histopathological features of these APXA cases included intranuclear inclusions in 3 cases, xanthomatous cells in 2 cases, desmoplasia in 4 cases, EGB in 3 cases, calcification in 2 cases, lymphocytes in 3 cases, ganglioside cells in 1 case, monotonous cell population in all 6 cases and necrosis in 4 cases. Mitotic activity was 1 -15 per 10 HPF and Ki-67 proliferation index was 11.8% -33.2% [5] . Hirose et al. claimed that the criteria proposed by Giannini et al. [3] were difficult to apply [5] . In report of Hirose et al., 2 cases showed mitosis below 5 per 10 HPF. They have given the diagnosis with the aid of observation of necrosis, microvascular proliferation, prominent cellular anaplasia and high Ki-67 score [5] . In their review of APXA cases, Vu et al. [17] observed necrosis in 12 cases, VEP in 13 cases and found that mitotic index had varied between 1 and 30 per 10 HPF.
In all three patients of our case series, we observed xanthomatous cells, EGB, intranuclear inclusions and perivascular lymphocytes. Calcification, necrosis, vascular endothelial proliferation (VEP) were present in 2 cases. In all cases increase in reticulin fibers was seen. Mitotic index was between 5 and 11 per 10 HPF. Ki-67 labeling index varied between 20% and 80%. We observed monotonous rhabdoid-like cells.
In PXAs it has been demonstrated that astrocytic and neurocytic immunohistochemical markers are positive. However, in English literature, immunostaining properties of APXA cases have been reported to be variable. In APXA, GFAP may be focally or weakly positive. Immunopositivity of neuronal markers such as synaptophysin, Class III beta tubulin, neurofilament protein had been reported [11] [12] . As an astrocytic marker, p53 is negative or focally positive [18] . Vu et al. observed GFAP positivity in 22 cases, S-100 positivity in 11 cases, Neurofilament positivity in 7 of 13 tested cases, synaptophysin in 5 of 12 tested cases [17] . Hirose et al. detected GFAP positivity in 5 of 5 tested cases, S-100 positivity in 3 of 3 tested cases, olig-2 positivity in 5 of 5 tested cases, Neurofilament positivity in 3 of 5 tested cases, synaptophysin positivity in 2 of 5 tested cases, chromogranin positivity in 1 of 3 tested cases in their study. p53 labeling index was between 2% and 59.2% [5] . In 2 of our 3 cases p53 was positive. Perry et al. claimed that PXAs with neuronal differentiation showed anaplastic features more frequently [19] although Hirose et al. did not observe this feature [5] . Interpretation and determination of the discriminating role of immunohistochemical stains is difficult regarding the existence of cases in the literature reported as immunonegative for neuronal and astrocytic markers. Giannini et al. specifically suggested that p53 was strongly positive in GBM's and therefore this feature could be useful in differential diagnosis of APXA [18] .
PXAs can have diploid or polyploid karyotype. Chromosomal studies reported loss in chromosome 3, 5, 20 and 22. DNA loss in chromosome 9 has been observed in 50% of PXAs [17] . It has been demonstrated that p53 mutation and EGFR overexpression which had been shown in other glial tumors of WHO grade II had not been present in PXA usually [20] . In contrast BRAF V600E mutation is frequent in PXA. It has been claimed that molecular features of PXA had been similar with those of pilocytic astrocytoma and ganglioglioma instead of WHO grade II glial tumors [8] . APXAs are rare tumors, therefore data about their molecular features are limited [20] . Schindler et al. detected BRAF V600E mutation in 66% of PXA cases. Of these 57% were adult and 43% were pediatric patients. BRAF V600E mutation was seen in 65% of APXA cases. Of these cases 33% were adult and 67% were pediatric cases. BRAF mutation was detected most frequently in tumors located at temporal lobe. It has been suggested that RAS/RAF/MEK/ERK kinase pathway should be investigated in tumors which did not show BRAF mutation [8] . In one of our cases (Case 2), we could not detect BRAF V600E mutation. In the case which did not show BRAF V600E mutation, p53 was also negative. Santago et al. observed BRAF V600E mutation in only 1 of their 6 APXA cases [9] . A comprehensive study about BRAF mutation in APXAs is not present. In addition, distinction between primary and secondary tumors has not been studied yet.
WHO defines PXA as an astrocytic tumor. A number of molecular abnormalities are associated with astrocytomas, and recent studies suggest that most of these abnormalities are related with cell cycle regulation, including the p16 gene. However, Nasuha et al. reported that p16 had been negative in an APXA case in a 10 year-old male patient [10] . They claimed that the p16 gene and LOH on chromosome 10 had not played role in tumorigenesis of PXA [10] . In contrast, we have detected p16 mutation in 1 of our cases. In this case, we have also seen BRAF V600E mutation which supports astrocytic origin of PXAs.
The mechanisms of anaplastic transformation of PXAs are not clear [5] [21] . Secondary APXAs are reported more frequently than primary APXAs [4] - [7] . Vu et al. [17] observed recurrence in 16 primary APXA cases. Mean recurrence time was reported to be 12 months. In Vu et al.'s review 50% of 14 cases showed recurrence after 15 months. In 55.6% of cases which had been underwent subtotal resection recurred after 6 months. In 5 of 16 recurrent cases malignant transformation was observed. Four of these tumors were GBM and the other one was fibrosarcomatous APXA. In APXAs originating from primary PXAs, mean recurrence time is reported to be 29.7 months after total resection, and 37.1 months after subtotal resection. Twelve cases recurred as GBM, 13 cases as small cell GBM, 3 cases as malignant glioma, 2 cases as oligodendroglioma, 1 case as giant cell GBM. Recurrence interval in secondary APXAs is longer than that of primary APXAs' but it has been reported that secondary APXAs had worse prognosis [17] . It is prognostically important to differentiate APXA from GBM because APXAs are reported to have more favorable prognosis [5] [22] . All three cases in our series were primary APXA. We have observed recurrence in all these cases between 6 months and 1 year time period.
Conclusion
As a result, we have presented 3 primary APXA cases all meeting the histopathological criteria suggested by Giannini et al. [3] . APXAs are aggressive tumors displaying frequent recurrences. Two of these cases are immunopositive for p53; therefore we think that this marker may not be so useful in differentiating APXA from GBM. Two of our cases displayed BRAF V600E mutation, compatible with the literature. In addition, we think that p16 may play a role in anaplastic transformation of PXAs.
